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Transportation and Storage
of CO₂ streams

• The current Cluster projects are a different phases of project development.  For example FEED 
for the hydrogen plant for the HyNet project is nearing completion, and the FEED for the CO₂ 
pipelines has begun this month, with the associated DCO process started in Q4 last year.

• Pipeline design and construction is a well-established industry in the UK, and the mature oil and 
gas industry understands a great deal about storage geology.

• However, it is when we get to the finer points that we discover gaps, particularly with Flow 
Assurance to support the transportation and storage parts.

• These gaps could affect the ability of the developer to present a satisfactory application to the 
HSE under the Pipeline Safety Regulations.
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Prediction of Vapour/Liquid Equilibria for CO₂ with small 
amounts (ppm/ppb range) of polar impurities (e.g. TEG, 
methanol)

• Prediction of Vapour/Liquid Equilibria for CO₂ with small amounts (ppm/ppb range) of polar impurities (e.g. 
TEG, methanol).

• Theoretical thermodynamic work predicts liquid dropout of non-corrosive aqueous phases at quite high 
temperatures in same cases, mostly in very small volumes.

• But the experimental data available is poor, so we do not know how accurate these predictions are. Some 
validation work is needed to supplement the theory. Specifically, it would be great to test the VLE 
thermodynamic predictions, and the composition of the resulting liquid, for some typical mixtures.

• Both are important and potentially safety-critical. As things stand it has been recommended that each 
project gets lab work done to test the thermodynamic predictions.

• There is no reason why a general, open programme would not work: it might even be able to attract 
complementary funding from other sources as well, were such a requirement to prove necessary.

• There is potential synergy for a student investigating on this to work with a London-based specialist company 
with expertise in this area, but without access to a thermodynamics lab.
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Investigation into Vapour/Liquid Equilibria for typical CCS 
trinaries & more complex mixtures

• Investigation into Vapour/Liquid Equilibria for typical CCS trinaries & more complex mixtures. 

• There is very little data out there, meaning that thermodynamics work to support the clusters is based 
mostly on binary mixture experimental data.

• It would be interesting to take, say, a proposed CO₂ export specification (I would be willing to provide this for 
the HyNet project) with the major impurities included (N₂, H₂, Ar, maybe CO, O₂, etc) and compare 
experimental results with the theoretically-derived predictions.
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Improved understanding of CO₂ hydrates

• Hydrates will probably form at some time in CO₂ transportation and storage infrastructure during blowdown 
of the offshore pipeline.

• The unknowns here relate less to the thermodynamics and more about the kinetics.

• Do they form quickly enough to realistically block a blowdown valve?

• How quickly do they melt?

• Is there enhanced corrosion potential where they touch the surface of the pipeline?
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Flow Metering
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• National Physical Laboratory are doing a lot of work on flow metering

• They may appreciate some support from academia for some aspects of this.

• How to meter accurately and affordably the flow of a CO₂ stream which could vary in terms of kg/s, pressure 
and composition remains a challenge, especially if the speed and accuracy is such that out-of-specification CO₂ 
is to be rejected to atmosphere before adverse consequences take effect.



Use of simplified reservoir/near wellbore models for CO₂
injection and storage.
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• Online/Offline Operation Monitoring tools have used widely for the efficient management of operations in 
oil and gas and more recently in CCUS industry. These models combine rigorous physical models including 
heat, mass, and momentum transfer, thermodynamics, multiphase fluid dynamics and process unit 
operations to provide a fit-for-purpose solution framework. 

• These models should work on agile basis as they should be able to track the behaviour of the system during 
transient operations and should also be robust and reliable in terms of convergence and accuracy. Existing 
models have limitations as they are not detailed reservoir models and need to be tuned against appropriate 
reservoir modelling tools in order to capture the real behaviour of the system.

• Detailed reservoir modelling will be required, from pre-injection to injection and later on closure and post 
closure of CO₂ injection systems.   

• There is a requirement to develop a tool that can be agile enough to adapt to varying system transients 
whilst capturing the behaviour as per the detailed reservoir models. To use these tools effectively, it is vital 
that they be validated and tuned against detailed reservoir models.

• This can also be very important for CO₂ injection in water aquifers where the water pump out would be a 
requirement for reservoir pressure management.



Thank you.
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